Background: Regular, routine, multimodal analgesia provides better pain relief following Caesarean section than reliance on "as required" opiate dosing. This quality improvement report describes the effective use of an education programme coupled with a highlighted, preprinted medication chart, employing "Nudge Theory" principles to achieve significant improvements in the administration of analgesic medications to patients after Caesarean section operations.
Introduction of a new preprinted and highlighted medication chart.
A postintervention audit was then conducted.
Results: There were statistically significant improvements in all medications administered to patients following the two interventions. For analgesic medications, the rate of administration of drugs in compliance with guidelines rose from 39.6% to 89.9% (P < 0.001 using 2-sample z test). Each subgroup of medications also showed statistically significant improvements in administration compliance.
Conclusion:
A combined approach, including application of "Nudge Theory" to the administration of analgesic medication after Caesarean section, considerably improved delivery of medications prescribed for postoperative analgesia.
Theory" by employing "choice architecture" to establish a clearer method of highlighting prescribed postoperative analgesic medications. 8 The concept of "Nudge Theory" has emerged from studies in behavioural economics to explain and drive improved decision making and can be employed in health care. 8, 9 A "Nudge" is defined as "any aspect of the choice architecture that alters people's behavior in a predictable way without forbidding any options or significantly changing their economic incentives." 10 This method was used alongside an education programme for anaesthetists and postoperative care ward staff.
An assessment of the guideline compliance before and after the introduction of the two interventions was incorporated into the quality improvement project. A postintervention audit was conducted 12 months after these two interventions.
Raw data were collected and collated in Microsoft Excel. Proportions between the groups in the first and second audit were compared using a 2-sample z test in Stata v.14.
| RESULTS
Four patients were excluded from the first medication chart audit, and one patient was excluded from the second medication chart audit leaving 96 and 99 patients, respectively.
Compliance with the prescribing guidelines was high in both data analyses with 100% complete and correct written prescription in each audit of the medication charts. If patients were allergic to the guideline medication or had contraindications to the drug prescription and the prescription was omitted, this was counted as correct
prescribing.
An analysis was also undertaken to identify correct administration of the prescribed postoperative analgesic medication. Examination of each analgesic medication (paracetamol, NSAID, and oxycodone) indicated statistically significant improvements in administration of each medication after introduction of the education sessions and highlighted and preprinted medication chart (see Tables 1, 2 , and 3).
The same prescribing analysis was applied; thus, if patients exhibited contraindications to drug administration, then omission of the drug was counted as a correct withholding of the prescribed drug.
A separate analysis of all analgesic medications together showed that analgesic medication administration improved from 40% to 90%
with the interventions described (see Table 4 ).
| DISCUSSION
The omission rate for analgesic medications following Caesarean sections in our hospital was greater than 60% when we measured it in the first audit. This was an alarming discovery in a routine audit of practice within the unit and compared very unfavourably with a 97% correct administration rate for nonanalgesic medications in the same patients.
These data contrasts with Leite and co-workers audit of 119 medication doses over a 5-day period in a Brazilian teaching hospital. 12 Their study found an omission rate for medications of 21%, which is much lower than the omission rate for regular analgesic medications found in our initial audit.
This discrepancy may be partly explained by the fact that our study examined the administration of only one subgroup of medications, namely, analgesics. The rate of administration of nonanalgesic medications was much higher at our hospital at 97%. Combining the other medications with the routine analgesics would provide a higher figure for the overall delivery of prescribed medications. A check was also carried out to identify any other regular prescription medications being omitted in order to quantify medication administration rates for all prescribed drugs, particularly drugs other than analgesics. The major concern of the Acute Pain Service staff was the high rate for omission of prescribed regular analgesic medications. Additionally, the Leite study examined drug administration over 11 wards, whereas our study was confined to one postnatal ward. 12 A systematic review in 2013 by Berdot and co-workers examining drug administration errors identified drug omissions in approximately 6% of medication prescriptions, which is close to the level of medication omissions identified in our study for nonanalgesic drugs but is much lower than the 60% omission rate we identified for all analgesic drugs in our initial audit of analgesic delivery. 13 A high level of omission for prescribed analgesics was identified in a large Dutch teaching hospital by Boer and colleagues over 20 years ago. 4 These workers showed that most patients received significantly less regular analgesia than they were prescribed, with as few as 4.2%
of patients receiving their prescribed morphine dose, despite high visual analogue pain scores. 4 These authors documented issues of time pressure, concerns about addiction, and possible side effects as barriers to correct administration. We conducted a similar inquiry of the midwives at our hospital, who described a different set of barriers (see Table 5 ).
Boer and colleagues recommended the introduction of an Acute
Pain Service team to oversee postoperative analgesia and improve efficacy and quality of pain relief. 4 Despite the presence of an active Acute Pain Service and clinical pharmacy service in our hospital, these factors appeared to have had little impact on the low administration rate of regular pain medication.
Existing evidence in the literature specifically relating to obstetric analgesia supported the view that education and chart redesign can facilitate improved midwife compliance with novel care pathways that have been introduced to improve pain relief in labour. Buehner and colleagues found compliance with a new remifentanil patientcontrolled analgesia protocol increased from 10% to 91% following education and redesign of their chart. 14 Although the improved administration of analgesia in both the Buehner study and our QI project could be attributed to the "Hawthorne effect," of improved behaviour when a workforce is being observed, it is an unlikely explanation in our project. This is because the midwives who were the • Emergency caesarean section after hours
• Midwives uncertain about appropriate dose intervals, or when to give the next dose of each medication
• Dose times were not written onto the inpatient medication chart by the prescriber
• Medication administration was at times seen as a low priority
• Patient sleeping
• Patient off the ward
• Patient attending to newborn (eg, feeding and bathing)
• Patient visiting newborn in special care nursery Consequently, the acute pain team were acting as choice architects in organizing the context in which postoperative analgesia was prescribed and delivered. This is an example of using Nudge Theory to influence the behaviour of clinicians for the manifest benefit of their patients. 9 We introduced the highlighting of important medications in the postoperative management of Caesarean section patients in order to draw attention to their importance and "nudge" the treating health care professional into administering the correct medication, dose, frequency, and timing. In this way, we employed "choice architecture," as part of Nudge Theory, by highlighting the background colour of the analgesic medication prescription in the standard medication chart to nudge the treating clinician to make the correct decision with respect to administration of analgesic medications. This also made it easier for the health care professional to identify the analgesic prescription and
give it in the correct does and at the correct time. 21 This application of Nudge Theory was successful and raised analgesic medication administration rates from <40% to 89.9% when coupled with appropriate education. Prior work in palliative care at our institution had endorsed the use of preprinted medication chart prescriptions provided that a signature by a hospital medical officer confirmed the validity of the prescription. 22 
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